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With SU(3) symmetry one only needs 13 hadronic parameters to describe B —* PP decays in the Standard 
Model. When annihilation contributions are neglected, only 7 hadronic parameters are needed. These parameters 
can be determined from existing experimental data and some unmeasured branching ratios and CP asymmetries 
of the type B —* PP can be predicted. In this talk we present SU(3) predictions of branching ratios and CP 
asymmetries for B — > PP decays in the Standard Model. 



1. SU(3) Parameters for B — > PP 

In Standard Model (SM) the decay amplitudes 
for B meson to two pseudoscalar SU(3) octet 
mesons, B — ► PP. have both tree and penguin 
contributions and can be written as|l[] 



A{B- 
Gf 

= V5 



> PP) =< PP\H q eff \B > 

v ub v; q T(q) + v tb v; q p( q )}. 



(i) 



As far as the SU(3) structure is concerned, the 
effective Hamiltonian contains 3,6, and 15 repre- 
sentations of SU(3) which define several invariant 
amplitudes^], 



T = A% Bi(3y (Mf M l k ) + CgBiMlMfoy 
+AlBMlM\M* + CjB^^fMl 
+A^B l (T5^M l J Mt + C% s B i Mi(W)i k M l h 



where B t = (B u , B d , B s ) and M is the SU(3) 
pseudoscalar octet. C§ — A$ always appear to- 
gether. We use Cq only. 

In general there are both tree and penguin am- 
plitudes C(A)^— . In the SM the amplitudes 

C(A)T— and C(A) P — are related by the Wilson 
coefficients Cj of the relevant operators 
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Without loss of generality, one can set Cg" to be 
real. One only needs to use 13 real independent 
parameters to describe B — > PP in the SM which 
we choose to be 10,01 
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The phases are defined such that all C i ' are real 
positive numbers. The amplitudes Ai correspond 
to annihilation contributions and are expected to 
be small. If they are neglected, there are only 7 
independent hadronic parameters. 

Using available data on, B — > Kn, tttt, KK, one 
can obtain information about the hadronic pa- 
rameters and predict other decay branching ra- 
tios and CP violating asymmetries. We carried 
out a x 2 analysis^ assuming SU(3) symmetry 
with the B -> PP datag shown in Table 1. In 
our numerical analysis the KM matrix elements 
V us = A, V cb = A\ 2 , V ub = \V ub \exp(-ij) fixed 
by A = 0.2196, A = 0.835 and \V ub \ = 0.09\V cb \ |f| 
and 7 = 59° as determined from other data|g|. 
We study both the cases with and without anni- 
hilation contributions and compare the results. 
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Table 1 

Experimental data on the branching ratios and 
CP asymmetries obtained by averaging different 
data with the assumption that they obey uncorre- 
lated Gaussian distribution. The branching ratios 
for B — > PP are shown in units of 10~ 6 . 



Branching ratio and 

1 I—* *1 1 " Til I'll / itl'l f\<2 

jt day nunc Li 


Averaged 
Value 


JDTyJDd — > 7T 7T ) 


O.z ± u.o 


Br(B u -> tt-tt ) 


4.9 ± 1.1 


^(Bd -> JsT+tt-) 


18.6 ± 1.1 


Br(P„ X-tt ) 


11.5 ± 1.3 


Br(B u -> K»ir-) 


17.9 ± 1.7 


Br(B d -> K°7r°) 


8.8 ±2.3 


Br(B u -> K~K U ) 


0±0.8 


Br{B d -> #°if u ) 


1.8 ±2.5 


Br(-B d -> 7r u 7r u ) 


1.7 ±0.9 


Br(-B d -> K+R-) 


0±0.3 




-0.05 ±0.09 


-w* 

-4^ 


-0.05 ±0.05 




0.04 ±0.08 




0.42 ±0.22 


^ 


0.13 ±0.21 



2. Without Annihilation Contributions 

For the case without annihilation contribu- 
tions, there are only 7 hadronic parameters. The 
results for the best fit values and their lcr ranges 
are shown in Table 2. 

Using the above determined hadronic param- 
eters, one can easily obtain the branching ratios 
and CP asymmetries for other B — > PP. We used 
the following definition for the CP violating rate 
asymmetry, 

a b, = T(B t -> PP) - T{ Bl -> PP) 

pp t{b 1 -> pp) + r(p, -> pp) ' 1 j 

In general P can be any one of the SU(3) pseu- 
doscalar octet mesons, 7r, K and r/g . Here we 
will limit our study to P = tt, K to avoid com- 
plications associated with r\\ and 77s mixings. In 
this case there are total 16 decay modes. Among 
them the decay amplitudes for Bd — > .ftT 7\T + , 
B s — > 7r _ 7r + , 7r°7r° only receive annihilation con- 



Table 2 

The best fit values and their la errors of the 
hadronic parameters using all data in Table |l| 
with annihilation terms set to be zero. 





best value 


error 




0.138 


0.003 


A' 
% 


0.248 


0.111 


ci 


0.155 


0.112 


r T 


0.142 


0.014 


^3 


38.10" 


29.69° 


^6 


83.17 u 


35.97° 


% 


4.78 u 


17.84° 



tributions. Since we have neglected annihilation 
contributions they would have vanishing branch- 
ing ratios. At present none of them have been 
measured experimentally. The present bound on 
Bd — > K~K + is consistent with this prediction. 

The predictions for the branching ratios of 
B s -► K+Tr- 1 K Tr 1 K-K+,K°K decays are 
shown in Table 3. These decay modes are pre- 
dicted to be large and can be measured at hadron 
colliders. The standard model and SU(3) flavor 
symmetry can be tested. 

The CP asymmetries for some of the decays are 
shown in Table 4. In the SU(3) limit there are 
some relations between rate differences defined 
as, A% = r(P s : -> PP)-T(Bi -> PP), between 
AS = and AS = — 1 modes due to a unique 
feature of the SM in the KM matrix element that 
Im(V ub V: d V t tV td ) = -IrtVrtV^V&Vu). One 
has the following relations 0||, 

\B d _ »B, _ A Bd /c\ 

As can be seen from Table 4 that the best fit 
values for Ap P can be large with several of them 
to be more than 30%, such as the asymmetries 
for B s -> K+TT-,K°n , and B d -> 7r°7r°, ir+n-. 
The size of Ap P for these modes are large, but 
can be easily understood from the fact that they 
all have relatively small branching ratios. Using 
the above relations, one would obtain 
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A B i = A B ° + 

7T+7T 



-A 1 



A L 



+ K- 



A 



Br(B d -> tt+K-) 

Br(B d TT+TT") 



7r°7r°) 



(6) 



In all the above cases the ratios of the branching 
ratios are larger than one, a small Afs P of the 
decay mode on the right hand side can induce a 
large Ap P for the decay modes on the left hand 
side. These predictions can provide interesting 
tests for the SM. 



Table 4 

Predictions of CP asymmetry without annihila- 
tion terms. 





best value 


range 


JU~ K ° 


-0.09 


(0.85, -0.91) 


At 


0.32 


(0.46 , 0.18 ) 


fw^ 

A Ud 


0.37 


( 0.64 , -0.58) 


A s d 


-0.09 


( 0.85 , -0.91 ) 




0.00 


(0.05 , -0.04 ) 




-0.01 


( 0.06 , -0.10 ) 




-0.09 


( -0.05 , -0.13 ) 


A Bd 


-0.06 


(0.06 , -0.13 ) 




0.32 


( 0.46 , 0.18 ) 




0.37 


( 0.64 , -0.58 ) 




-0.09 


( -0.05 , -0.13 ) 




0.00 


( 0.05 , -0.04 ) 



Table 3 



Predictions of branching ratios and la ranges 
without annihilation terms in units of 10~ 6 . 





best value 


range 


B s -> K+n- 


4.8 


( 5.3 , 4.2 ) 


B s -> K»TT U 


1.2 


( 2.0 , 0.7 ) 


B s -> K-K+ 


17.4 


( 18.3 , 16.5 ) 


B s -» K»K» 


16.8 


( 17.9 , 15.8 ) 



3. With Annihilation Contributions 

In the analyses of the previous sections we have 
neglected annihilation contributions to B — ► PP 
decays. In this section we study the effects of the 
annihilation terms on B — ► PP decays. In this 
case we would have total 13 parameters. From 
Table [j] we see that there are 15 experimental data 
points. In principle, the 13 hadronic parameters 
under consideration can be determined. In Tables 
||, H and we show the results on the hadronic 
parameters, and some of the B — > PP branching 
ratios and CP asymmetries. 

From Table § we see that the size of the best 
fit annihilation parameters Ai are small compared 
the non-annihilation terms C 3 jg. This confirms 
the expectation that annihilation contributions 



are small. The allowed ranges are large and there- 
fore can not rule out the possibility of having sig- 
nificant annihilation contributions. We have to 
wait improved experiments to obtain more pre- 
cise information. 

The branching ratios for B d — > K~K + , B s — > 
7r + 7r~, 7r°7r° which only receive contribution from 
annihilation are not vanishing any more. The 
branching ratios are expected to be small. From 
Table ^, we indeed find that these branching ra- 
tios are smaller than others. 

It is interesting to note that although the an- 
nihilation amplitudes are small, in certain decay 
modes, such as B s -> K + K~ and B s -> K°K°, 
the effects can be significant, the branching ra- 
tios almost doubled. This is because that al- 
though A p is small compared with C 3 jg, it is 
comparable with Cj , but enhanced by a KM fac- 
tor \V t bV t * s /V u bV* s \. These modes provide good 
places to study the annihilation contributions. 

4. Discussions and Conclusions 

In this talk we have presented SU(3) pre- 
dictions of branching ratios and CP asymme- 
tries for some B —> PP decays in the Stan- 
dard Model. There can be large CP violation 
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Table 5 

The best fit values and their errors for the 
hadronic parameters with annihilation terms. 



Table 7 

Predictions of CP asymmetry with annihilation 
terms. 





best value 


error 




0.138 


0.004 




f\ O AO 

0.208 


A 1 O 1 

0.181 


ci 


0.043 


0.206 




0.141 


0.014 


h 


31.65 u 


57.7" 


s 6 


97.74" 


147.97" 


% 


8.54° 


21.67" 




0.025 


0.042 


A 1 ' 


0.061 


0.143 


A 1 


0.036 


0.075 


S A T 


73.46" 


107.18" 


5 A p 


-13.78" 


89.52" 


5 A T 
IB 


-131.12" 


180.51" 



Table 6 

Predictions of branching ratios and la range er- 
rors with annihilation terms in units of 10~ 6 . 





best value 


range 


B s -> K+tt- 


4.1 


(6.7 , 2.6 ) 


B s -> X"tt" 


1.1 


(2.2 ,0.4 ) 


B s -> K-R+ 


31.8 


(51.9 ,7.1 ) 


B s -> K»K° 


30.9 


(50.7 ,6.5 ) 


B s — > 7T~7T + 


2.3 


(9.5 , 0.0 ) 


B s 7rV 


1.1 


( 4.7 , 0.0 ) 



in B d -> ttVV+tt- and B s -> if 7r°, if-Tr". 
Also several B s decays can have large branching 
ratios. We presented results obtained with and 
without annihilation contributions. The results 
indicate that the annihilation contributions are 
in general small, but can still have large effect in 
several B s — > K + K~ , K° K° decay modes. 

In SM predictions for branching ratios and CP 
asymmetries are possible is beacuse that SU(3) 
symmetry relates different decay modes. This 
symmetry is expected to be broken. In that case 
more parameters are needed to describe the de- 
cays. The effects of SU(3) breaking have to be 





best value 


error range 




-0.24 


( 0.82 , -0.96 ) 


A Ud 


0.19 


( 0.72 , -0.99 ) 


A -Dei 


0.78 


( 1.00 , -1.00 ) 




0.26 


( 0.54 , 0.03 ) 




0.12 


( 0.68 , -0.86 ) 




-0.02 


( 0.13 , -0.12 ) 


A Bs 


-0.06 


( -0.02 , -0.24 ) 


K° K° 


-0.05 


( 0.18 , -0.22 ) 



further studied. We however expect that the gen- 
eral feature will not be be altered |5) dramtically, 
and results obtained here can still provide some 
guidance in searching for large CP asymmetries 
and branching ratios in B — > PP decays. Future 
experiments on B — > PP will provide valuble in- 
formation about the Standard Model. 
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